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(57) ABSTRACT 

A substrate processing apparatus vacuum reactor is inter 
nally divided into an upper part and a loWer part that are 
separated from each other by an electrically conductive 
partitioning plate grounded. The upper part of the vacuum 
reactor is a plasma discharge space in Which an rf electrode 
is arranged, and the loWer part of the vacuum reactor is a 
substrate process space in Which a substrate support mecha 
nism is disposed. The partitioning plate has a plurality of 
through-holes that are provided to pass vertically through it, 
and has an internal space that is isolated from the plasma 
discharge space and communicates With the substrate pro 
cess space. Each of the plurality of through-holes provided 
on the partitioning plate has a vertical length of betWeen 5 
mm and 30 mm, a bore diameter of betWeen 5 mm and 30 
mm and an aspect ratio of above 1 and beloW 2. 
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SUBSTRATE PROCESSING APPARATUS AND 
SUBSTRATE PROCESSING METHOD USING 
SUCH SUBSTRATE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate pro 
cessing apparatus that includes a vacuum reactor in Which 
plasma is generated and an electrically neutral excited active 
species (Which Will be referred hereinafter to as “radicals”) 
may then be produced from such plasma and in Which the 
processes such as, for example, the process of depositing a 
thin ?lm on a substrate placed Within the vacuum reactor, the 
process of ?nishing the surface of the thin ?lm thus depos 
ited and the like may be performed on the substrate using 
those radicals. Furthermore, the present invention relates to 
a substrate processing method that may be performed by 
using the substrate processing apparatus de?ned above. 

[0003] 2. Related Art 

[0004] The substrate processing apparatus and substrate 
processing method Wherein and Whereby the radicals are 
produced by generating plasma Within the vacuum reactor 
and the processes such as, for example, the process of 
depositing a thin ?lm on the substrate placed Within the 
vacuum reactor, the process of ?nishing the surface of the 
thin ?lm thus deposited, thereby improving the ?lm quality, 
and the like are performed using the radicals are currently 
used in a variety of applications. 

[0005] For example, a plasma enhanced CVD is currently 
used as the substrate processing apparatus and in the sub 
strate processing method performed by using the substrate 
processing apparatus, Wherein a Silicon oxide ?lm may be 
deposited at a loW temperature as a gate insulating ?lm in the 
production of a liquid crystal display (LCD) using a loW 
temperature polysilicon type TFT. 

[0006] As disclosed in our prior Japanese Patent Applica 
tion No. Heisei 11-157692 ?led on Jun. 4, 1999 and noW 
published under JP Publication No. 2000-345349, a CVD 
apparatus is proposed as the substrate processing apparatus. 
In this CVD apparatus of JP Patent Application No. H 
11-157692 (JP Patent Publication No. 2000-345349), radi 
cals may be produced by generating plasma Within the 
vacuum reactor and in Which the process such as the ?lm 
deposition process may be performed on a substrate placed 
Within the vacuum reactor. 

[0007] In this speci?cation, the CVD apparatus disclosed 
in the above patent application (JP Patent Application No. H 
11-157692 noW published under JP Patent Publication No. 
2000-345349) is referred to as “RS-CVD apparatus” that 
stands for the Radical-Shower CVD apparatus, in order to 
distinguish this CVD apparatus from the usual plasma 
enhanced CVD apparatus. 

[0008] In the Japanese patent application publication No. 
2000-345349, the RS-CVD apparatus is proposed as the 
apparatus in Which radicals may be produced by generating 
plasma Within the vacuum reactor and the ?lm deposition 
process may be performed on the substrate using the pro 
duced radicals and an appropriate ?lm deposition gas. 

[0009] Speci?cally, in the RS-CVD apparatus described in 
the patent application publication No. 2000-345349, it is 
proposed that the apparatus may be used in the folloWing 
manner. 
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[0010] Firstly, the vacuum reactor may be internally 
divided into a plasma discharge space and a ?lm deposition 
process space (Which is functionally equivalent to the sub 
strate process space) that are separated from each other by 
means of an electrically conductive partitioning plate 
grounded to the earth. This electrically conductive partition 
ing plate has a plurality of through-holes, and the plasma 
discharge space and ?lm deposition process space are pro 
vided to communicate With each other only through the 
through-holes on the partitioning plate. An appropriate gas 
may be delivered into the plasma discharge space for gen 
erating plasma, and radicals may then be produced from 
such plasma. Then, the radicals may be delivered into the 
?lm deposition process space through the through-holes in 
the partitioning plate. In the ?lm deposition process space, 
the ?lm deposition gas delivered directly into the ?lm 
deposition process space and the radicals delivered into the 
?lm deposition process space through the through-holes on 
the partitioning plate are then alloWed to react With each 
other, and the ?lm deposition process is performed on the 
substrate (for example, a glass substrate having the SiZe of 
370 mm><470 mm) placed in the ?lm deposition process 
space. 

[0011] In the speci?cation, it should be understood that 
“the ?lm deposition gas delivered directly” into the substrate 
process space refers to any ?lm deposition gas that may be 
delivered directly into the substrate process space, that is, 
the ?lm deposition process space from outside the vacuum 
reactor, Without making contact With the plasma or radicals. 

[0012] FIG. 8 represents the general construction of the 
conventional partitioning plate employed in the RS-CVD 
apparatus When it is used for depositing a thin ?lm on the 
substrate as proposed in the patent application publication 
No. 2000-345349. 

[0013] An electrically conductive partitioning plate 14 
that is grounded to the earth contains a plurality of ?lm 
deposition gas diffusion spaces 24 in each of Which the ?lm 
deposition gas may be diffused. Those ?lm deposition gas 
diffusion spaces 24 communicate With each other, and are 
isolated from a plasma discharge space 15 located above 
them as shoWn in FIG. 8. The ?lm deposition gas diffusion 
spaces 24 also communicate With the ?lm deposition process 
space 16 located beloW them through a plurality of ?lm 
deposition gas diffusion holes 26 as shoWn in FIG. 8. The 
?lm deposition gas may be delivered into the ?lm deposition 
gas diffusion spaces 24 through a ?lm deposition gas deliv 
ery port 28b connected to a ?lm deposition gas delivery 
pipe, and may then be diffused through the ?lm deposition 
gas diffusion spaces 24 so that it can be supplied through the 
?lm deposition gas diffusion holes 26 uniformly onto the 
surface of a substrate placed in the ?lm deposition process 
space 16. 

[0014] The partitioning plate 14 further has a plurality of 
through-holes 25 that pass through the areas of the parti 
tioning plate 14 Where the ?lm deposition gas diffusion 
spaces 24 are not provided, extending from one Side toWard 
the other Side (in the vertical direction in FIG. 8). 

[0015] As the vacuum reactor is internally divided into the 
plasma discharge space 15 and ?lm deposition process space 
16 that are separated from each other by means of the 
partitioning plate constructed as described above, the radi 
cals that have been generated in the plasma discharge space 
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15 may only be delivered into the ?lm deposition process 
space 16 through the through-holes 25, While the ?lm 
deposition gas that has been delivered into the ?lm deposi 
tion gas diffuse space 24 from outside the vacuum reactor 
may be delivered directly into the ?lm deposition process 
space 16 through the ?lm deposition gas diffuse holes 26, 
Without making contact With the plasma or radicals. 

[0016] In the RS-CVD apparatus disclosed in the patent 
application publication No. 2000-345349, the through-holes 
25 on the electrically conductive partitioning plate 14 
grounded to the earth are provided to meet the particular 
dimensional requirements so that the deposition gas cannot 
be diffused from the ?lm deposition process space 16 back 
to the plasma discharge space 15, While at the same time the 
plasma generated in the plasma discharge space 15 cannot 
leak out into the ?lm deposition process space 16. 

[0017] In the RS-CVD apparatus disclosed in the patent 
application publication No. 2000-345349, the plasma gen 
erated in the plasma discharge space 15 Will be prevented 
from making direct contact With the ?lm deposition gas or 
substrate. Thus, the substrate placed in the ?lm deposition 
process space 16 can be processed Without being affected by 
the plasma and therefore Without having any damage caused 
by the plasma. 

OBJECTS AND SUMMARY 

[0018] The RS-CVD apparatus as proposed in the patent 
application publication No. 2000-345349 permits a substrate 
placed in the ?lm deposition process space 16 to be pro 
cessed Without being affected by the plasma and therefore 
Without having any damage caused by the plasma as 
described above, and is therefore estimated highly in the 
?eld of the manufacture of semiconductor devices in Which 
such damages caused by the plasma are a serious problem. 

[0019] It should be noted, hoWever, that the RS-CVD 
apparatus as proposed in the patent application publication 
No. 2000-345349 remains yet to be improved in respect of 
meeting the requirements for processing many different 
kinds of substrates ?exibly, such as the process of depositing 
a thin ?lm on such substrates at high speeds. 

[0020] In the RS-CVD apparatus, for example, Silane gas 
(SiH4) is used as the ?lm deposition gas, and nitrogen gas 
or hydrogen gas is delivered into the plasma discharge space 
in Which nitrogen plasma or hydrogen plasma may be 
generated, thereby producing radicals. Those radicals may 
then be delivered into the substrate process space through 
the through-holes on the partitioning plate in Which a Silicon 
nitride ?lm or Silicon ?lm may be deposited on the substrate 
being processed. In this case, it is dif?cult to produce the 
amount of radicals that is suf?cient to provide a good ?lm 
deposition by permitting it to react With the deposition gas 
Within the substrate process space. The discharging that is 
caused by the atomic nitrogen or atomic hydrogen cannot 
generate the radicals ef?ciently. In addition, the atomic 
nitrogen or atomic hydrogen may become deactivated by 
hitting the inner Walls of the through-holes as compared With 
the atomic oxygen. Thus, the radicals that are produced by 
the atomic nitrogen or atomic hydrogen are not satisfactory 
in respect of their amount or lifetime. After the thin ?lm is 
deposited on the substrate, the surface of the thin ?lm thus 
deposited may be ?nished Without using the ?lm deposition 
gas. In this case, it is prerequisite to deliver the suf?cient 
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amount of radicals into the substrate process space in order 
to reduce the processing time. 

[0021] It is therefore one object of the present invention to 
provide a substrate processing apparatus Wherein a substrate 
being processed and placed in the ?lm deposition process 
space can be processed Without being affected by the plasma 
and therefore Without having any damages caused by the 
plasma, the requirements for processing many different 
kinds of substrates such as the thin ?lm deposition process 
for such substrates can be met ?exibly, and the substrate 
processing such as the thin ?lm deposition process can be 
performed at high deposition rate. 

[0022] It is another object of the present invention to 
provide a substrate processing method that is performed 
using the substrate processing apparatus de?ned above, 
Whereby a substrate being processed and placed in the ?lm 
deposition process space can be processed Without being 
affected by the plasma and therefore Without having any 
damages caused by the plasma, the requirements for pro 
cessing many different kinds of substrates such as the thin 
?lm deposition process for such substrates can be met 
?exibly, and the substrate processing such as the thin ?lm 
deposition process can be performed at high deposition rate. 

[0023] In order to solve the problems associated With the 
prior art as described above, the present invention proposes 
to provide several aspects of the substrate processing appa 
ratus and substrate processing method, respectively. 

[0024] In a ?rst aspect of the substrate processing appa 
ratus, it includes a vacuum reactor that is internally divided 
into an upper part and a loWer part that are separated from 
each other by means of an electrically conductive partition 
ing plate grounded to the earth, the upper part of the vacuum 
reactor located above the partitioning plate creating a plasma 
discharge space in Which an rf electrode is disposed and the 
loWer part of the vacuum reactor located beloW the parti 
tioning plate creating a substrate process space in Which a 
substrate support mechanism is disposed, Wherein the par 
titioning plate has a plurality of through-holes provided 
vertically through the partitioning plate and an internal space 
isolated from the plasma discharge space and communicat 
ing With the substrate process space, With the plasma dis 
charge space and substrate process space only communicat 
ing With each other through the plurality of through-holes on 
the partitioning plate, and Wherein each of the plurality of 
through-holes on the partitioning plate is provided to meet 
the speci?c dimensional requirements, that is, it is provided 
to have the vertical length of betWeen 5 mm and 30 mm, the 
bore diameter of betWeen 5 mm and 30 mm and the aspect 
ratio of above 1 and beloW 2. 

[0025] In a ?rst aspect of the substrate processing method, 
it includes the steps of using the ?rst aspect of the substrate 
processing apparatus, generating plasma and then producing 
radicals from such plasma in the plasma discharge space, 
delivering the radicals into the substrate process space 
through the through-holes on the partitioning plate, and 
processing the substrate held by the substrate support 
mechanism by utiliZing the radicals. 

[0026] In a second aspect of the substrate processing 
apparatus, it includes a vacuum reactor that is internally 
divided into an upper part and a loWer part that are separated 
from each other by means of an electrically conductive 
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partitioning plate grounded to the earth, the upper part of the 
vacuum reactor located above the partitioning plate creating 
a plasma discharge space in Which an rf electrode is disposed 
and the loWer part of the vacuum reactor located beloW the 
partitioning plate creating a substrate process space in Which 
a substrate support mechanism is disposed, Wherein the 
partitioning plate has a plurality of through-holes provided 
vertically through the partitioning plate and an internal space 
isolated from the plasma discharge space and communicat 
ing With the substrate process space, With the plasma dis 
charge space and substrate process space only communicat 
ing With each other through the plurality of through-holes on 
the partitioning plate, and Wherein the apparatus further 
includes an insulating plate disposed on the upper Side of 
and closely to the partitioning plate and having a plurality of 
through-holes provided vertically to pass through the parti 
tioning plate, each of the plurality of through-holes on the 
partitioning plate and each corresponding one of the plural 
ity of through-holes on the insulating plate being provided to 
face opposite each other and forming each vertical through 
hole, Wherein each of the vertical through-holes is provided 
to meet the speci?c dimensional requirements, that is, it is 
provided to have the vertical length of betWeen 5 mm and 30 
mm, the bore diameter of betWeen 5 mm and 30 mm and the 
aspect ratio of above 1 and beloW 2. 

[0027] In a second aspect of the substrate processing 
method, it includes the steps of using the second aspect of 
the substrate processing apparatus, generating plasma and 
then producing radicals from such plasma in the plasma 
discharge space, delivering the radicals into the substrate 
process space through the through-holes on the partitioning 
plate, and processing the substrate held by the substrate 
support mechanism by utiliZing the radicals. 

[0028] In any of the ?rst and second aspects of the 
substrate processing method, the step of processing the 
substrate may include the step of depositing a thin ?lm on 
the substrate held by the substrate support mechanism by 
causing the radicals and ?lm deposition gas to react With 
each other in the substrate process space, and the step of 
?nishing the surface of the thin ?lm thus deposited on the 
substrate Without using the ?lm deposition gas. 

[0029] The dimensional requirements that should be met 
by each of the through-holes on the partitioning plate in the 
?rst aspect of the substrate processing apparatus and the 
dimensional requirements that should be met by each of the 
vertical through-holes including each of the through-holes 
on the partitioning plate and each corresponding one of the 
through-holes on the insulating plate in the second aspect of 
the substrate processing apparatus in Which the insulating 
plate is disposed on the upper Side of and closely to the 
partitioning plate (in either of the ?rst or second aspect of the 
substrate processing apparatus, the dimensional require 
ments specify that each through-hole should have the ver 
tical length of betWeen 5 mm and 30 mm, the bore diameter 
of betWeen 5 mm and 30 mm, and the aspect ratio of above 
1 and beloW 2) have been adopted for the reasons that Will 
be described beloW. 

[0030] In any of the ?rst and second aspects of the 
substrate processing apparatus, the vacuum reactor is inter 
nally divided into the upper and loWer parts that are sepa 
rated from each other by means of the electrically conduc 
tive partitioning plate grounded to the earth, the upper part 
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of the vacuum reactor located above the partitioning plate 
creating the plasma discharge space in Which the rf electrode 
is disposed and the loWer part of the vacuum reactor located 
beloW the partitioning plate creating the substrate process 
space in Which the substrate support mechanism is disposed. 
The partitioning plate has the plurality of through-holes 
provided vertically to pass through the partitioning plate and 
the internal space isolated from the plasma discharge space 
and communicating With the substrate process space. Spe 
ci?cally, in accordance With the ?rst aspect of the substrate 
processing apparatus, the plasma discharge space and sub 
strate process space may only communicate With each other 
through the plurality of through-holes on the partitioning 
plate, and in accordance With the second aspect of the 
substrate processing apparatus, the plasma discharge space 
and substrate process space may only communicate With 
each other through each of the vertical through-holes formed 
by each of the through-holes on the partitioning plate and 
each corresponding one of the through-holes on the insu 
lating plate facing opposite each of the through-holes on the 
partitioning plate. A raW gas may only be delivered into the 
substrate process space through the internal space. 

[0031] The radicals that have been generated in the plasma 
discharge space may thus be delivered into the substrate 
process space through the through-holes on the partitioning 
plate in the ?rst aspect of the apparatus or through the 
vertical through-holes in the second aspect of the apparatus. 

[0032] The vertical length, bore diameter and aspect ratio 
for each of the through-holes on the partitioning plate and 
each of the vertical through-holes should be de?ned by 
considering the lifetime of the radicals that may be gener 
ated in the plasma discharge space so that those radicals can 
last for as long as possible Without being deactivated and can 
thus be used effectively. 

[0033] The reason is that as the vertical length of each of 
the through-holes on the partitioning plate or each of the 
vertical through-holes is greater, the distance through Which 
the radicals can travel becomes longer, and the radicals may 
have more chances of hitting the inner Wall of each through 
hole or vertical through-hole and thus becoming deactivated. 

[0034] Speci?cally, if the bore diameter of each through 
hole or vertical through-hole is less than 1 mm, the plasma 
Will not enter the through-hole or the vertical through-hole. 
If the bore diameter is about 2 or 3 mm, it may cause the 
abnormal discharging in the through-holes or vertical 
through-holes. Any of the above cases is undesirable. Thus, 
it is desirable that the bore diameter of each through-hole or 
vertical through-hole should be 5 mm or greater Since this 
Would produce the stable discharging instead of causing the 
abnormal discharging. 

[0035] In the ?rst or second aspect of the substrate pro 
cessing apparatus described above, it is desirable that the 
substrate being processed should be kept aWay from the 
underside of the partitioning plate located to face opposite 
the substrate by about 30 mm so that the raW gas can only 
be delivered into the substrate process space through the 
internal space on the partitioning plate and then can be 
diffused uniformly onto the substrate. 

[0036] In the ?rst or second aspect of the substrate pro 
cessing apparatus described above, it is desirable that the 
underside of the partitioning plate should be located closely 
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to the substrate being processed in order to prevent the 
radicals from becoming deactivated, Since it is also located 
on the loWer end Side of each of the through-holes on the 
partitioning plate or each of the vertical through-holes that 
is just located on the loWer end of the plasma discharge 
space. 

[0037] If the bore diameter of each of the through-holes on 
the partitioning plate or each of the vertical through-holes is 
greater than the distance betWeen the substrate being pro 
cessed and the underside of the partitioning plate located to 
face opposite the substrate, the plasma might be draWn into 
the contact surface betWeen the substrate and the substrate 
support mechanism on Which the substrate is placed, causing 
abnormal discharging. 

[0038] As mentioned earlier, it is desirable that the dis 
tance betWeen the substrate being processed and the loWer 
Side of the partitioning plate facing opposite the substrate 
should be about 30 mm. For this reason, it is desirable that 
the bore diameter for each of the through-holes on the 
partitioning plate or each of the vertical through-holes 
should be at most 30 mm or not more than 30 mm. 

[0039] If it is assumed that the radicals that have been 
generated in the plasma discharge space are traveling iso 
tropically through the plasma discharge space, the amount of 
those radicals that can reach the substrate process space Will 
depend on the amount of the radicals entering each of the 
through-holes that is determined by the bore diameter and 
the distance of each of the through-holes that Will cause the 
radicals to have more chances of hitting the inner Wall of the 
through-hole While traveling through the through-hole. 
Thus, the preferred range of the aspect ratio that is expressed 
by the ratio of the length to bore diameter of the through 
hole is also important, and so should be de?ned by consid 
ering the lifetime of the radicals that may be generated in the 
plasma discharge space so that those radicals can last for as 
long as possible Without being deactivated and can thus be 
used effectively. 

[0040] The dimensional requirements that should be met 
by each of the through-holes on the partitioning plate or each 
of the vertical through-holes (either of Which speci?es that 
each through-hole or vertical through-hole should have the 
vertical length of betWeen 5 mm and 30 mm, the bore 
diameter of betWeen 5 mm and 30 mm, and the aspect ratio 
of above 1 and beloW 2), respectively, may be de?ned by 
considering the results of studying the above and by con 
sidering the lifetime of the radicals that may be generated in 
the plasma discharge space so that those radicals can last for 
as long as possible Without being deactivated and can thus 
be used effectively. 

[0041] In accordance With the ?rst or second aspect of the 
substrate processing apparatus that has been described 
above, the processes that can occur against a substrate 
placed in the substrate process space may include the 
process of depositing a thin ?lm on the substrate by using 
any of the ?lm deposition gases, such as Silane gas, that can 
contribute to the ?lm deposition, and the process of ?nishing 
the surface of the thin ?lm thus deposited on the substrate in 
order to improve the ?lm quality of the thin ?lm by utiliZing 
the radicals directly from the plasma discharge space With 
out using the ?lm deposition gas. 

[0042] In accordance With the ?rst or second aspect of the 
substrate processing apparatus that has been described 
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above, the electrically conductive partitioning plate 
grounded to the earth and the insulating plate disposed 
above and closely to the partitioning plate may be fastened 
With the respective peripheral edges of the partitioning plate 
and insulating plate being tightened by means of ?xing 
devices such as screWs, for example. 

[0043] The stability With Which the discharging can be 
produced in the plasma discharge space and the amount of 
the plasma that can leak out into the substrate process space 
may thus be adjusted. 

[0044] In accordance With the ?rst or second aspect of the 
substrate processing apparatus that has been described 
above, the gases (plasma producing gases) that are delivered 
into the plasma discharge space in order to produce the 
plasma may include 02, N2, He, Ar, H2, F2, NF3, SF6 and 
Similar gases. Among these gases, NF3 and SF6 gases may 
be used during the cleaning stage to clean the inner Walls of 
the substrate process space (for example, in order to remove 
any Silicon oxide ?lm). 

[0045] In accordance With the substrate processing appa 
ratus and substrate processing method of the present inven 
tion, the requirements for processing many different kinds of 
substrates such as the thin ?lm deposition process for such 
substrates can be met ?exibly, and the substrate processing 
such as the thin ?lm deposition process can be performed at 
high deposition rate and at loW temperatures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a cross sectional vieW illustrating one 
example of a ?rst preferred embodiment of the vacuum 
processing apparatus according to the present invention; 

[0047] FIG. 2 is a cross sectional vieW illustrating one 
example of a second preferred embodiment of the vacuum 
processing apparatus according to the present invention; 

[0048] FIG. 3 is a cross sectional vieW illustrating another 
preferred example of the ?rst embodiment shoWn in FIG. 1; 

[0049] FIG. 4 is a cross sectional vieW illustrating another 
preferred example of the second embodiment shoWn in FIG. 
2; 

[0050] FIG. 5 is a cross sectional vieW illustrating the 
construction of a plurality of through-holes provided to pass 
vertically through the partitioning plate, although some 
non-essential parts are not shoWn for clarity of the illustra 
tion; 

[0051] FIG. 6 is a schematic diagram illustrating one 
example of the embodiment in Which the insulating plate is 
disposed on and closely to the upper Side of the partitioning 
plate, Wherein it is assumed that each of the through-holes 
provided on the insulating plate has a bore diameter that is 
the same as that of each corresponding one of the through 
holes provided on the partitioning plate, although some 
non-essential parts are not shoWn for clarity of the illustra 
tion; 

[0052] FIG. 7 is a bottom vieW of the partitioning plate 
illustrating one example of hoW a substrate placed in the 
substrate process space is arranged in relation to the 
through-holes and ?lm deposition gas diffusion holes pro 
vided on the partitioning plate; and 
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[0053] FIG. 8 is a cross sectional vieW illustrating one 
example of the partitioning plate employed in the conven 
tional RS-CVD apparatus. 

BEST MODES OF EMBODYING THE 
INVENTION 

[0054] By referring to the accompanying drawings, the 
folloWing describes several preferred embodiments of the 
substrate processing apparatus according to the present 
invention in Which as one of the processes that may be 
performed on the substrate placed in the substrate process 
space, a thin ?lm may be deposited on the substrate. 

[0055] A ?rst preferred embodiment of the substrate pro 
cessing apparatus according to the present invention is noW 
described by referring to FIG. 1. 

[0056] The substrate processing apparatus includes a 
vacuum reactor 12 in the form of a vacuum container that is 
kept under a predetermined vacuum state by a pumping 
mechanism 13. For example, a thin ?lm deposition may be 
performed on a substrate in the vacuum reactor 12. The 
pumping mechanism 13 is connected to a pumping port 
12b-1 provided on the vacuum reactor 12. 

[0057] The vacuum reactor 12 contains a partitioning plate 
14 made of an electrically conductive material (such as SUS, 
aluminum and the like) that is placed in its horiZontal 
position. The partitioning plate 14 has a round shape in 
plane, for example, and has its peripheral edge pressed 
against the loWer Side of an annular electrically conductive 
fastening member 22 so that it can be kept hermetic. 

[0058] The vacuum reactor 12 is internally divided into an 
upper part 12a and a loWer part 12b, the upper part 12a 
creating a plasma discharge space 15 in Which an rf elec 
trode 20 is disposed and the loWer part 12b creating a ?lm 
deposition process space 16 in Which a substrate support 
mechanism 17 is disposed. The partitioning plate 14 is 
located betWeen the upper and loWer parts 12a and 12b. 

[0059] An upper annular isolating member 21a and a 
loWer annular isolating member 21b are provided such that 
they may be interposed betWeen the partitioning plate 14 and 
the upper part 12a When the rf electrode 20 is to be mounted 
as described later. Then, the partitioning plate 14 having its 
peripheral edge pressed against the loWer Side of the periph 
eral edge of the electrically conductive fastening member 22 
is provided so that the upper Side of the peripheral edge of 
the electrically conductive fastening member 22 can engage 
the loWer annular isolating member 21b. 

[0060] The partitioning plate 14 is grounded to the earth 
41 by Way of the electrically conductive fastening member 
22. 

[0061] The vacuum reactor 12 is thus internally divided 
into the upper and loWer parts that are separated from each 
other by means of the electrically conductive partitioning 
plate 14, the upper part creating the plasma discharge space 
15 and the loWer part creating a ?lm deposition process 
space 16 that is functionally equivalent to the substrate 
process space. 

[0062] There are ?lm deposition gas diffusion spaces 24 
inside the partitioning plate 14. Each of the ?lm deposition 
gas diffusion spaces 24 corresponds to an internal space, and 
is isolated from the plasma discharge space 15 as shoWn in 
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FIG. 1. Each of the ?lm deposition gas diffusion spaces 24 
and ?lm deposition process space 16 communicate With 
each other only through a plurality of ?lm deposition gas 
diffusion holes 26. 

[0063] The ?lm deposition gas diffusion spaces 24 created 
inside the partitioning plate 14 are the spaces through Which 
the ?lm deposition gas delivered from outside the partition 
ing plate 14 can be diffused uniformly, and may then be 
supplied into the ?lm deposition process space 16. 

[0064] A ?lm deposition gas delivery pipe 28a is con 
nected to the ?lm deposition gas diffusion spaces 24 on its 
lateral Side, and the ?lm deposition gas may be delivered 
into the ?lm deposition gas diffusion spaces 24 from any 
external supply source (not shoWn) through the ?lm depo 
sition gas delivery pipe 28a. 

[0065] The ?lm deposition gas that has been delivered into 
the ?lm deposition gas diffusion spaces 24 inside the parti 
tioning plate 14 through the ?lm deposition gas delivery 
pipe 28a Will be diffused in the ?lm deposition gas diffusion 
spaces 24, going through the ?lm deposition gas diffusion 
holes 26 into the ?lm deposition process space 16 directly, 
that is, Without making contact With the radicals or the 
plasma. 
[0066] The partitioning plate 14 further has a plurality of 
through-holes 25b that are provided to pass vertically 
through the partitioning plate 14, and are distributed such 
that those through-holes 25b may be located on the areas of 
the partitioning plate 14 Where the ?lm deposition gas 
diffusion spaces 24 are not provided. The vacuum reactor 12 
is divided into the plasma discharge space 15 and ?lm 
deposition process space 16 that are separated from each 
other by means of the partitioning plate 14, and the plasma 
discharge space 15 and ?lm deposition process space 16 
communicate With each other only through the plurality of 
through-holes 25b on the partitioning plate 14. 

[0067] As shoWn in FIG. 5, each of the plurality of 
through-holes 25b on the partitioning plate 14 has the 
vertical length L of betWeen 5 mm and 30 mm, the bore 
diameter R of betWeen 5 mm and 30 mm, and the aspect 
ratio of above 1 and beloW 2. 

[0068] A substrate 11 (for example, a glass substrate) 
being processed in the substrate processing apparatus is 
placed on the substrate support mechanism 17 disposed in 
the ?lm deposition process space 16. The substrate 11 is 
placed such that it may be positioned substantially horiZon 
tal to the partitioning plate 14, With its upper Side (the Side 
being deposited) facing opposite the loWer Side of the 
partitioning plate 14. 

[0069] The substrate support mechanism 17 is grounded to 
the earth 41, and is maintained at the same ground potential 
as the vacuum reactor 12. In addition, there is a heater 18 
inside the substrate support mechanism 17. This heater 18 
maintains the substrate 11 being processed at a predeter 
mined temperature. 

[0070] FIG. 1 represents the ?rst embodiment of the 
substrate processing apparatus according to the present 
invention. 

[0071] In this substrate processing apparatus, a Silane gas 
is preferably used as the ?lm deposition gas, and a glass 
substrate for the usual TFT is used so that a Silicon oxide 
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?lm may be deposited as the gate insulating ?lm on the 
upper surface of the glass substrate. 

[0072] In the substrate processing apparatus shoWn in 
FIG. 1, plasma 19 may be generated in the plasma discharge 
space 15. The plasma discharge space 15 includes an insu 
lating plate 32, the upper part 12a, and a plate-like rf 
electrode 20 arranged in the center betWeen the insulating 
plate 32 and upper part 12a. 

[0073] The plasma that is generated in the plasma dis 
charge space 15 may go to the through-holes 25 on the 
partitioning plate 14 Where the plasma may stay, and through 
Which the plasma may then go into the substrate process 
space 16. 

[0074] In the substrate processing apparatus shoWn in 
FIG. 1, the rf electrode 20 has a plurality of through-holes 
20a that are provided to pass vertically through the rf 
electrode 20. 

[0075] There is a poWer delivery rod 29 on the ceiling of 
the upper part 12a, and the poWer delivery rod 29 is 
connected to the rf electrode 20. The poWer delivery rod 29 
may supply a discharging rf poWer to the rf electrode 20. The 
poWer delivery rod 29 is shielded by an insulating material 
29a that insulates the poWer delivery rod 29 from other 
metal parts. 

[0076] A plasma producing gas delivery pipe 23a is pro 
vided in the annular insulating member 21a, and is con 
nected to an external plasma producing gas supply source 
for delivering any appropriate plasma producing gas, such as 
O2, N2, He, Ar, H2, and F2 gases, into the plasma discharge 
space 15. 

[0077] Those plasma producing gas delivery pipes 23a are 
connected to the plasma producing gas supply source (not 
shoWn) and a cleaning gas supply source (not shoWn) 
through a mass flow controller (not shoWn) that controls the 
flow rate, respectively. 

[0078] FIG. 2 represents the second embodiment of the 
substrate processing apparatus according to the present 
invention. The constructional features of the apparatus 
shoWn in FIG. 2 are that an insulating member 21a is 
provided inside the ceiling of the upper part 12a and an rf 
electrode 20 is arranged beloW the ceiling. The rf electrode 
20 has no such through-holes 20a as those on the rf electrode 
in FIG. 1, and takes the Single plate form. 

[0079] The plasma discharge space 15 is formed by a 
parallel ?at-type electrode construction that includes the rf 
electrode 20 and insulating plate 32. 

[0080] As is the case With the embodiment shoWn in FIG. 
1, the plasma that is generated in the plasma discharge space 
15 may go into the through-holes 25 on the partitioning plate 
14 Where the plasma may stay, and through Which the 
plasma may then go into the substrate process space 16. 

[0081] Other component parts of the construction in the 
embodiment of FIG. 2 that have not been described above 
are Similar to those of the construction in the embodiment 
of FIG. 1, and are given Similar reference numerals in FIG. 
2. Therefore, details of those component parts are omitted 
here to avoid duplicate description. 

[0082] FIG. 3 is a cross sectional vieW of the substrate 
processing apparatus having the construction Similar to that 
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in the embodiment of FIG. 1, in Which the insulating plate 
32 is disposed on and closely to the upper Side of the 
partitioning plate 14. 

[0083] The isolating plate 32 that is disposed on and 
closely to the upper Side of the partitioning plate 14 (the 
Side on Which the rf electrode is located) has a plurality of 
through-holes 25a that are provided to pass vertically 
through the isolating plate 32. Each of the plurality of 
through-holes 25b on the partitioning plate 14 is provided to 
face opposite each corresponding one of the plurality of 
through-holes 25b on the insulating plate 32 as vieWed in the 
vertical direction. Each of a plurality of vertical through 
holes 25 may then be formed by each of the through-holes 
25b on the partitioning plate 14 and each corresponding one 
of the through-holes 25a facing opposite each of the 
through-holes 25b. 

[0084] When the isolating plate 32 is to be placed on the 
upper Side of the partitioning plate 14, the isolating plate 32 
may be mounted closely to the partitioning plate 14 With 
their respective peripheral edges being tightened by means 
of screWs, for eXample, although this is not shoWn. 

[0085] The insulating plate 32 may be made of alumina or 
quartZ. 

[0086] Each of the plurality of vertical through-holes 25 
has the vertical length of betWeen 5 mm and 30 mm, the bore 
diameter of betWeen 5 mm and 30 mm, and the aspect ratio 
of above 1 and beloW 2. 

[0087] The embodiment of FIG. 3 only differs from the 
embodiment of FIG. 1 in that the insulating plate 32 is 
disposed on the upper Side of the partitioning plate 14. Other 
component parts of the construction in the embodiment of 
FIG. 3 that have not been described above are Similar to 
those of the construction in the embodiment of FIG. 1, and 
are given Similar reference numerals in FIG. 3. Therefore, 
details of those component parts are omitted here to avoid 
the duplicate description. 

[0088] FIG. 4 is a cross sectional vieW of the substrate 
processing apparatus having the construction Similar to that 
in the embodiment of FIG. 2, in Which the insulating plate 
32 is disposed on and closely to the upper Side of the 
partitioning plate 14 as is the case With the embodiment of 
FIG. 3. 

[0089] The embodiment of FIG. 4 only differs from the 
embodiment of FIG. 2 in that the insulating plate 32 is 
disposed on the upper Side of the partitioning plate 14. Other 
component parts of the construction in the embodiment of 
FIG. 4 that have not been described above are Similar to 
those of the construction in the embodiments of FIGS. 2 
and 3, and are given Similar reference numerals in FIG. 4. 
Therefore, details of those component parts are omitted here 
to avoid the duplicate description. 

[0090] The insulating plate 32 may be made of any 
number of sheets so that any desired thickness can be 
obtained. In this case, each of the vertical through-holes 25 
including each through-hole 25a and each through-hole 25b 
should have the vertical length of betWeen 5 mm and 30 mm, 
the bore diameter of betWeen 5 mm and 30 mm, and the 
aspect ratio of above 1 and beloW 2. 

[0091] FIG. 6 shoWs one eXample of the embodiment in 
Which the insulating plate 32 is disposed on and closely to 
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the upper Side of the electrically conductive partitioning 
plate 14, Wherein each of the through-holes 25b on the 
insulating plate 32 has the bore diameter that is the same as 
that for each corresponding one of the through-holes 25a on 
the partitioning plate 14. The partitioning plate 14 made of 
an electrically conductive material and grounded to the earth 
has the same shape and total thickness as those of the 
insulating plate 32, and the insulating plate 32 may be 
disposed on the upper Side of the partitioning plate 14 (on 
the Side on Which the plasma discharge space 15 is located) 
and closely to the partitioning plate 14. Each of the plurality 
of vertical through-holes 25 may then be formed by linking 
each of the plurality of through-holes 25b on the insulating 
plate 32 With each of the plurality of through-holes 25a on 
the partitioning plate 14 that faces opposite each correspond 
ing one of the through-holes 25b on the insulating plate 32. 

[0092] The aspect ratio of each of the vertical through 
holes 25 may be changed by modifying the thickness of the 
insulating plate 32, and the density of plasma that is deliv 
ered into the substrate process space 16 may be adjusted 
accordingly. 
[0093] In any of the embodiments described so far, in 
Which the substrate processing such as the thin ?lm depo 
sition process is performed, the ?lm deposition gas such as 
Silane gas and the radicals generated in the plasma discharge 
space 15 may be delivered into the substrate process space 
16 through the respective ?lm deposition gas diffusion holes 
26, through-holes 25b on the partitioning plate 14 and 
vertical through-holes 25. Thus, both the ?lm deposition gas 
and radicals should preferably be diffused uniformly onto 
the entire surface of the substrate 11 placed in the substrate 
process space 16. 

[0094] This is desirable because the thickness of the thin 
?lm being deposited on the surface of the substrate as Well 
as the ?lm quality of the thin ?lm thus deposited in the 
direction of thickness can be made uniform over the total 
area of the surface of the substrate. 

[0095] FIG. 7 shoWs a preferred example in Which a 
plurality of ?lm deposition gas diffusion holes 26 may be 
provided at equal intervals With regard to the entire surface 
of a substrate 11 being processed, and a plurality of through 
holes 25b on the partitioning plate 14 may also be provided 
at equal intervals With regard to the entire surface of the 
substrate 11 being processed. Then, the ?lm deposition gas 
and plasma may be diffused uniformly against the substrate 
11 being processed. In this regard, the SiZe of the partition 
ing plate 14 should preferably be the same as or greater than 
the SiZe of the substrate 11 being processed. 

Embodiment 1 

[0096] The folloWing describes one example of the sub 
strate processing method in Which a thin ?lm deposition 
(silicon oxide ?lm deposition) for a substrate is performed 
using the substrate processing apparatus according to any of 
the embodiments of the invention that have been described 
so far. 

[0097] The substrate processing apparatus described in 
accordance With the embodiment shoWn in FIG. 1 is used, 
in Which as shoWn in FIG. 5, the partitioning plate 14 has 
a plurality of through-holes 25b, each of Which has the 
vertical length L of 20 mm, the bore diameter R of 15 mm 
and the aspect ratio of 1.33. 
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[0098] A substrate 11 being processed (glass substrate) 
may be transferred by a transfer robot (not shoWn) into the 
vacuum reactor 12, Where it may then be placed on the 
substrate support mechanism 17. Then, the vacuum reactor 
12 may be maintained in a predetermined vacuum state by 
causing the pumping mechanism 13 to pump the air out of 
the reactor, reducing the internal pressure. 

[0099] Next, oxygen gas may be delivered into the plasma 
discharge space 15 in the vacuum reactor 12 through the 
plasma producing gas delivery pipe 23a. 

[0100] In the meantime, any appropriate ?lm deposition 
gas such as Silane gas may be delivered into the ?lm 
deposition gas diffusing spaces 24 on the partitioning plate 
14 through the ?lm deposition gas delivery pipe 28a. Then, 
the Silane gas may be diffused in the ?lm deposition gas 
diffusion holes 24, going through the ?lm deposition gas 
diffusion holes 26 into the ?lm deposition process space 16 
directly, that is, Without making contact With the radicals or 
the plasma. 

[0101] The substrate support mechanism 17 disposed in 
the ?lm deposition process space 16 is previously main 
tained at a predetermined temperature by energiZing the 
heater 18. 

[0102] Under the conditions speci?ed above, an rf poWer 
may be supplied to the electrode 20 through the poWer 
delivery rod 29. This rf poWer Will cause a discharge that 
may produce oxygen plasma 19. The oxygen plasma 19 thus 
produced may then cause oxygen radicals (neutral excited 
active species) to be generated. The oxygen radicals thus 
generated may then be delivered into the ?lm deposition 
process space 16 through the through-holes 25b on the 
partitioning plate 14 as indicated by an arroW 30. 

[0103] A chemical reaction may then be caused betWeen 
the Silane gas that has been delivered into the ?lm deposi 
tion process space 16 through the ?lm deposition diffusion 
holes 26 directly, that is, Without making contact With the 
radicals or plasma and the oxygen radicals that have been 
delivered into the ?lm deposition process space 16 through 
the through-holes 25b on the partitioning plate 14. A thin 
?lm such as Silicon oxide ?lm may thus be deposited on the 
surface of the substrate 11 (glass substrate) being processed. 

[0104] The oxygen plasma 19 that has thus been generated 
in the plasma discharge space 15 is going through the 
through-holes 25b on the partitioning plate 14 Where the 
oxygen plasma 19 Will stay because the holes 25b has the 
particular dimensional requirements described above, and 
may then go into the ?lm deposition process space 16 Where 
the ?lm deposition process may proceed. 

[0105] As the substrate 11 (glass substrate) being pro 
cessed is not exposed directly to the oxygen plasma 19, the 
?lm deposition process can proceed Without being affected 
by the oxygen plasma 19 and therefore Without having any 
damages caused by the oxygen plasma 19. 

[0106] The folloWing list provides the conditions under 
Which the Silicon oxide ?lm may be deposited by perform 
ing the ?lm deposition process described so far by using the 
substrate processing apparatus according to any of the 
embodiments of the present invention that have been 
described so far: 
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Substrate Silicon substrate 

Rf power 150 
Plasma discharge gas O2 
Plasma discharge gas N2 
Raw gas (?lm deposition gas) SiH4 
Carrier gas Ar 
Pressure in plasma discharge 
space 
Pressure in ?lm deposition 
process space 
Substrate temperature 
Film deposition rate for 
SiO2 ?lm 

500 (sccm) (5.0 x 10’1 (1/min) 
20 (sccm) (2.0 X 10*2 (1/min) 
4 (sccm) (4.0 x 10’3 (1/min) 
70 (sccm) (7.0 x 10’2 (1/min) 

40 (Pa) 

40 (Pa) 
300 (° c.) 

25 (nm/ min) 

[0107] The following list provides the conditions under 
which the Silicon nitride ?lm may be deposited by perform 
ing the ?lm deposition process described so far by using the 
substrate processing apparatus according to any of the 
embodiments of the present invention that have been 
described so far: 

Substrate Silicon substrate 

Rf power 
Plasma discharge gas He 
Plasma discharge gas N2 
Ras gas (?lm deposition gas) SiH4 
Carrier gas He 
Pressure in plasma discharge 
space 
Pressure in ?lm deposition 
process space 
Substrate temperature 
Film deposition rate for 

150 (W) 
500 (sccm) (5.0 x 10’1 (1/min) 
50 (sccm) (5.0 x 10’2 (1/min) 
5 (sccm) (5.0 x 10’3 (1/min) 
70 (sccm) (7.0 x 10’2 (1/min) 

40 (Pa) 

40 (Pa) 
300 (° c.) 

5 (nm/min) 

[0108] The following list provides the conditions under 
which the amorphous Silicon ?lm (a-Si ?lm) may be depos 
ited by performing the ?lm deposition process described so 
far by using the substrate processing apparatus according to 
any of the embodiments of the present invention that have 
been described so far: 

Substrate Silicon substrate 

Rf power 
Plasma discharge gas Ar 
Raw gas (?lm deposition gas) SiH4 
Carrier gas Ar 
Pressure in plasma discharge 

150 (W) 
500 (sccm) (5.0 x 10’1 (1/min) 
5 (sccm) (5.0 x 10’3 (1/min) 
70 (sccm) (7.0 X 10*2 (1/min) 

space 40 (Pa) 
Pressure in ?lm deposition 
process space 40 (Pa) 
Substrate temperature 
Film depositiom rate for 

300 (° c.) 

a-Si ?lm 10 (nm/min) 

Embodiment 2 

[0109] In the embodiment of the substrate processing 
method that will be described below, the substrate process 
ing apparatus in the embodiment shown in FIG. 1 is used, 
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wherein the apparatus includes the partitioning plate 14 
having a plurality of through-holes 25b each of which has 
the vertical length L of 20 mm, the bore diameter R of 15 
mm and the aspect ratio of 1.33 as shown in FIG. 5. In this 
embodiment, a metal oxide ?lm may be deposited using, as 
the ?lm deposition gas, an organic raw gas that contains any 
of the metal elements such as ruthenium, hafnium, titanium, 
tantalum, zirconium, aluminum and the like. 

[0110] A substrate 11 being processed (silicon substrate) 
may be transferred by a transfer robot (not shown) into the 
vacuum reactor 12, and may then be placed on the substrate 
support mechanism 17. Then, the vacuum reactor 12 may be 
maintained in a predetermined vacuum state by causing the 
pumping mechanism 13 to pump the air out of the reactor, 
reducing the internal pressure. 

[0111] Next, the oxygen gas may be delivered into the 
plasma discharge space 15 in the vacuum reactor 12 through 
the plasma producing gas delivery pipe 23a. 

[0112] In the meantime, an organic raw gas containing a 
metal element such as hafnium-t-butoxide (having the 
molecular formula of Hf[OC(CH3)3]4)) may be delivered 
into the ?lm deposition gas diffusion spaces 24 on the 
partitioning plate 14 through the ?lm deposition gas delivery 
pipe 28a. The hafnium-t-butoxide is in a liquid state at room 
temperature, and may then be vaporized by a vaporizer (not 
shown) (this organic raw gas in its vaporized state will be 
referred to hereinafter as “the organic raw gas”). Then, the 
organic raw gas may be delivered through the ?lm deposi 
tion gas diffusion holes 24 on the partitioning plate 14 by 
connecting an organic raw gas conduit (not shown) that is 
kept at the temperature above the condensation point to the 
?lm deposition gas pipe 28a in order to prevent the organic 
raw gas in its vaporized state from being condensed. The 
partitioning plate 14 as well as the organic raw gas conduit 
(not shown) should be kept at the temperature above the 
condensation point. Thus, the organic raw gas (hafnium-t 
butoxide) may be delivered through the ?lm deposition gas 
diffusion spaces 24 together with the carrier gas (for 
example, argon gas), through which the organic raw gas as 
well as the carrier gas may be diffused, and may then be 
delivered through the ?lm deposition gas diffusion holes 26 
into the ?lm deposition process space 16 directly, that is, 
without making contact with the radicals or plasma. 

[0113] The substrate support mechanism 17 disposed in 
the ?lm deposition process space 16 is previously main 
tained at a predetermined temperature by energizing the 
heater 18. 

[0114] Under the conditions speci?ed above, an rf power 
may be supplied to the electrode 20 through the power 
delivery rod 29. This rf power will cause a discharge that 
may produce oxygen plasma 19 within the plasma discharge 
space 15. The oxygen plasma 19 thus produced may then 
cause oxygen radicals (neutral excited active species) to be 
generated. The oxygen radicals thus generated may then be 
delivered into the ?lm deposition process space 16 through 
the through-holes 25b on the partitioning plate 14 as indi 
cated by an arrow 30. 

[0115] A chemical reaction may then be caused between 
the organic raw gas (hafnium-t-butoxide) that has been 
delivered into the ?lm deposition process space 16 through 
the ?lm deposition diffusion holes 26 directly, that is, 
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Without making contact With the radicals or plasma and the 
oxygen radicals that have been delivered into the ?lm 
deposition process space 16 through the through-holes 25b 
on the partitioning plate 14. A thin ?lm such as hafnium 
oxide (HfO2) may thus be deposited on the surface of the 
substrate 11 (glass substrate) being processed. 

[0116] The oxygen plasma 19 that has thus been generated 
in the plasma discharge space 15 is going through the 
partitioning plate through-holes 25b Where the oxygen 
plasma 19 Will stay because the holes 25b has the particular 
dimensional requirements described above, and may then go 
into the ?lm deposition process space 16 Where the ?lm 
deposition process may proceed. 

[0117] As the substrate 11 (glass substrate) being pro 
cessed is not exposed directly to the oxygen plasma 19, the 
?lm deposition process can proceed Without being affected 
by the oxygen plasma 19 and therefore Without having any 
damages caused by the oxygen plasma 19. 

[0118] The organic raW gas (hafnium-t-butoxide) that has 
been delivered into the ?lm deposition process space 16 
through the ?lm deposition diffusion holes 26 directly, that 
is, Without making contact With the radicals or plasma may 
react chemically With the carrier gas (for example, argon 
gas) and With the oxygen radicals that have been delivered 
into the ?lm deposition process space 16 through the 
through-holes 25b on the partitioning plate 14. A thin ?lm 
such as hafnium oxide (HfO2) may thus be deposited on the 
surface of the substrate 11 (silicon substrate) being pro 
cessed. 

[0119] The folloWing list provides the conditions under 
Which the hafnium oxide (HfO2) ?lm may be deposited on 
the substrate: 

Substrate Silicon substrate 

Rf poWer 150 
Plasma dischage gas O2 500 (sccm) (5.0 x 10’1 (l/min) 
Carrier gas Ar 50 (sccm) (5.0 x 10’2 (l/min) 
Pressure in plasma discharge 
space 50 (Pa) 
Pressure in ?lm deposition 
process space 50 (Pa) 
Substrate temperature 370 (O C.) 
Partitioning plate temperature 90 (O C.) 
Organic raW gas temperature 45 to 60 (O C.) 

[0120] Although the present invention has been described 
With reference to the particular preferred embodiments of 
the present invention by referring to the accompanying 
draWings, it should be understood that the present invention 
is not restricted to those embodiments, and various changes 
and modi?cations may be made Without departing from the 
spirit and scope of the invention as de?ned in the appended 
claims. 

What is claimed is: 
1. A substrate processing apparatus including: 

a vacuum reactor; and 

an electrically conductive partitioning plate grounded 
to the earth, Wherein the vacuum reactor is internally 
divided into an upper part and a loWer part that are 
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separated from each other by means of the partition 
ing plate, the upper part of the vacuum reactor 
located above the partitioning plate being a plasma 
discharge space in Which an rf electrode is arranged 
and the loWer part of the vacuum reactor located 
beloW the partitioning plate being a substrate process 
space in Which a substrate support mechanism is 
disposed, and the partitioning plate has a plurality of 
through-holes that are provided to pass vertically 
through the partitioning plate, and the partitioning 
plate has an internal space that is isolated from the 
plasma discharge space and communicates With the 
substrate process space, the plasma discharge space 
and substrate process space only communicating 
With each other through the plurality of through 
holes provided in the partitioning plate and a raW 
material gas being only delivered into the substrate 
process space through the internal space in the 
partitioning plate, Wherein 

each of the plurality of through-holes in the partitioning 
plate is provided to have a vertical length of betWeen 
5 mm and 30 mm, a bore diameter of betWeen 5 mm 
and 30 mm and an aspect ratio of above 1 and beloW 
2. 

2. A substrate processing apparatus including: 

a vacuum reactor; and 

an electrically conductive partitioning plate grounded 
to the earth, Wherein the vacuum reactor is internally 
divided into an upper part and a loWer part that are 
separated from each other by means of the partition 
ing plate, the upper part of the vacuum reactor 
located above the partitioning plate being a plasma 
discharge space in Which an rf electrode is arranged 
and the loWer part of the vacuum reactor located 
beloW the partitioning plate being a substrate process 
space in Which a substrate support mechanism is 
disposed, and the partitioning plate has a plurality of 
through-holes that are provided to pass vertically 
through the partitioning plate, and has an internal 
space that is provided to be isolated from the plasma 
discharge space and communicate With the substrate 
process space, the plasma discharge space and sub 
strate process space only communicating With each 
other through the plurality of through-holes provided 
on the partitioning plate and a raW gas being only 
delivered into the substrate process space through the 
internal space in the partitioning plate, Wherein the 
substrate processing apparatus further includes: 

an insulating plate disposed on and closely to the upper 
side of the partitioning plate and having a plurality of 
through-holes provided to pass vertically through the 
insulating plate, each of the plurality of through 
holes on the insulating plate being provided to face 
opposite each corresponding one of the plurality of 
through-holes on the partitioning plate as vieWed in 
the vertical direction, and each of the plurality of 
through-holes on the partitioning plate and each of 
the plurality of through-holes on the insulating plate 
being provided to have a vertical length of betWeen 
5 mm and 30 mm, a bore diameter of betWeen 5 mm 
and 30 mm and an aspect ratio of above 1 and beloW 
2: 
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3. A substrate processing method including the steps of: 

using the substrate processing apparatus as de?ned in 
claim 1; 

generating plasma in the plasma discharge space and then 
producing radicals from such plasma; 

delivering the plasma into the substrate process space 
through the plurality of through-holes on the partition 
ing plate; and 

performing the process on a substrate being held by the 
substrate support mechanism. 
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4. A substrate processing method including the steps of: 

using the substrate processing apparatus as de?ned in 
claim 2; 

generating plasma in the plasma discharge space and then 
producing radicals from such plasma; 

delivering the plasma into the substrate process space 
through the plurality of through-holes on the partition 
ing plate; and 

performing the process on a substrate being held by the 
substrate support mechanism. 

* * * * * 


